Introduction
Obesity has increased in adults and children (1) (2) (3) . This is concerning, as obesity is a risk factor for many health disorders. The development of obesity has been investigated utilising latent class analysis to identify different growth trajectories of body mass index (BMI) during childhood and adolescence, followed by assessment of relationships between trajectories and multiple factors (4) (5) (6) (7) . Using this approach chronic childhood obesity has been linked with increased risk of depression in males and oppositional defiant disorder in both sexes (5) . This method has merit for investigating the impact of obesity on musculoskeletal development, an area in need of more research (8) . One aspect of this is the relationship between obesity and posture.
In adults there appears to be a relationship between sagittal spinal alignment and load secondary to body weight. Obese subjects have increased thoracic kyphosis and hyperlordosis in the lumbar spine during usual standing (9) . Pregnancy may also result in increased lumbar lordosis in usual standing (10, 11) , though not always (12) .
In children and adolescents there also appears to be a relationship between standing posture and weight. Greater weight at 14 is associated with hyperlordotic and sway standing postures (13) . Furthermore, findings from cross-sectional studies with multiple age groups show weight during growth to be a factor in sagittal standing posture development (14, 15) . In contrast, a longitudinal study of 11 to 22 year olds found no relationship between BMI and the development of thoracic kyphosis (16) . Sagittal spinal Smith, Obesity trajectories and standing posture 6 posture development may be influenced by genetics (17) , gender (16, (18) (19) (20) (21) (22) , exercise levels (23) , height (14) , school furniture (24) and generation (25) .
Significant individual variation in sagittal standing posture development through childhood and adolescence has been reported (16, 20, 22, 26, 27) . This may represent deviations from one 'ideal' posture. However, four distinct subgroups of standing postures have been identified in adults (28) and adolescents (13) The aims of the present study were; (i) identify distinct classes of BMI trajectories from childhood to early adolescence, and (ii) evaluate the association between BMI trajectories with subgroups of standing sagittal spinal alignment at 14. Adolescence is an important time in the development of back pain (29, 30) . Improved understanding of the role of obesity/BMI in posture development is needed for improved prevention and management strategies for posture related back pain.
Methods
Data was obtained from the Western Australian Pregnancy Cohort (Raine) Study (www.rainestudy.org.au). This long-term project began was formed as a pregnancy cohort in which 2,900 women attending antenatal clinics at a tertiary level obstetric hospital in Perth, Western Australia were enrolled in a controlled trial between 1989 and 1991. 2,868 children born to 2,804 mothers remained with the study to form the Western Australian Pregnancy Cohort (Raine) Study, and these children have been followed at birth,1, 2, 3, 5, 8, 10, and 14 years of age. This cohort has a higher proportion of highrisk births compared with the general Western Australia population (31) , consistent with the initial subject recruitment occurring at a specialist maternity hospital. The Therefore the United States of America Centres for Disease Control and Prevention BoxCox transformation (34) was used to obtain age and gender specific z-scores for BMI, as recommended (35) , using a freely available SAS program (36).
Trajectory analysis of BMI z-sores
There were 2,397 subjects with BMI data from at least one timepoint, with 80% having data for three or more. Multilevel mixed-effects linear regression is a latent growth curve model assuming a continuous, multivariate normal distribution of intercept and slope parameters within the population. In contrast, Latent Class Group Analysis (LCGA) uses finite mixture models to estimate discrete groupings of trajectory parameters estimated using maximum likelihood. As the hypothesis that children may have different pathways to being overweight has some recent support using LCGA (4, 5, 7) , this technique was used to form a categorical variable describing the trajectories of BMI z-score. LCGA was performed within SAS using the macro PROC TRAJ (37) . A series of models using all available data estimating two to eight latent trajectory classes with linear and quadratic terms for each group was systematically fitted and compared using the Bayesian Information Criterion (BIC) statistic. The choice of the number of groups was therefore guided by the goal of analysis and confirmation of model adequacy based on posterior probability diagnostics (38). Model validity was confirmed by replicating the latent class solution by random split-half sampling. Subjects were assigned to the trajectory group for which they had the highest posterior probability of membership.
BMI trajectories and standing posture subgroup
Multinomial logistic regression modeling was used to assess the relationship between posture subgroups (n=1373) and different BMI trajectories, adjusting for gender. The possibility of uncertainty in trajectory allocation influencing analysis results was checked using a model which jointly estimates the parameters defining the trajectories themselves and the association of posture/gender covariates with the probabilities of trajectory group membership (38).
Statistical analysis was performed using SAS 9.1 (SAS Institute, Cary NC) and Stata/IC 10.1 (Statacorp LP, College Station TX) and SPSS 13.0 (SPSS Inc., Chicago, USA). A p value less than 0.05 was adopted for significance testing.
Results

Standing posture subgroups
Characteristics of the four posture subgroups are displayed in Figure 3 , with specific angular values in Table 1 . The proportions in each subgroup ( Figure 3 , Table 1 ) were similar to those previously reported in a smaller subgroup of these subjects (13) . There was a significant difference in the gender proportions within posture clusters, with a higher than expected proportion of males in the Flat subgroup (χ 2 =27.8, p<0.001), as previously reported (13) .
Latent trajectories of BMI z-sores
A six class model was selected as best describing the trajectories of BMI z-scores. 
Association between trajectories of BMI z-scores and posture subgroups
There were significant associations between posture subgroups and the latent classes of BMI z-scores trajectories (Table 2, Figure 4 ). The statistical significance of these patterns was confirmed by multinomial logistic regression analysis adjusted for gender ( Table 2 ). The three above-average trajectories, particularly Very High, displayed significantly higher risk than the Average trajectory for membership of the Hyperlordotic subgroup versus the Neutral subgroup, while the Low trajectory displayed a significantly lower risk (Table 2) . Likewise, the three aboveaverage trajectories had significantly higher risk than the Average trajectory for membership of the Sway subgroup versus the Neutral subgroup, although the risk ratios for this group were lower than those of the Hyperlordotic subgroup (see Table 2 ). The The three angular posture measures that were used to estimate the posture subgroups were significantly associated with BMI z-score trajectory class membership ( 
Discussion
BMI z-score trajectories
This study identified six trajectory classes of BMI z-scores over childhood and early It should be emphasized that changes in BMI over childhood and adolescence is not equivalent to measuring changes in body composition. While lean body mass appears to consistently increase with increasing BMI percentile, body fat has more complex relationships dependent upon gender, age and level of BMI percentile (39) . Thus increased load on the musculoskeletal system inherent to the higher level trajectories described in the present study can be comprised of various proportions of lean body tissue and fat. How this factor, plus differences in fat distribution in the body and differences in muscle bulk, effect the development of posture are important issues for further consideration.
BMI trajectories and posture
This study identified significant prospective associations between childhood BMI z-score 
Clinical implications
The results suggest postural adaptations to body weight are occurring in the developing spine. This is cause for concern as positional change may influence the morphology of bone, disc and other spinal structures. This could provide a direct physical link to the experience of back pain.
Both single measures and subgroups of sagittal spinal posture have been associated with back pain in adolescence and adulthood (13, (45) (46) (47) (48) (49) (50) (51) (52) (53) . 
